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Summary: The reactions of several vinyl selenoxides with chlorocyano- 
ketene proceed y& a 3,3-sigmatropic rearrangement of an enolate oxyselenonium 
species to yield seleno-substituted y-butyrolactones. 
Our recent discovery1 of a new 3,3-sigmatropic rearrangement of oxy- 
sulfonium intermediates 1 generated from vinyl sulfoxides and haloketenes 
prompted us to explore the generality of this process using vinyl selenoxides. 
Furthermore, our previous reports centered on the use of haloketenes generated 
from the zinc-promoted dechlorinations of a-chloro acid chlorides. In an ef- 
fort to extend this methodology to other ketenes which did not involve the 
use of zinc/zinc chloride, we examined the chemistry of chlorocyanoketene and 
vinyl selenoxides. A generalized version of the reaction process is shown in 
Scheme I. 
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aDCK E Dichloroketene generated from 15-20 eq. 
and zinc/copper couple. 




















of trichloroacetyl chloride 
b 
Chlorocyanolactone was unstable to chromatography. Yield is given for de- 
chlorinated lactone. 
'Yield is for crude chlorocyanolactone which was unstable to purification. 
The yield of purified dechlorinated lactone was 50% 
d 
This product is a mixture of four diastereomers, three of which could be 
isolated pure. 
4927 
The replacement of selenium by sulfur in the above reaction presents 
both advantages and disadvantages. On the one hand, the selenoxide bond is 
much more polarized than the analogous sulfoxide group2 rendering the oxygen 
of selenoxides more nucleophilic and hence more reactive. At the same time, 
selenoxides are more easily deoxygenated by metals such as zinc and are more 
difficult to access in an optically pure state. 
We initially subjected two simple vinyl selenoxides, 
3 
namely phenyl vinyl 
selenoxide 2 and phenyl isopropenyl selenoxide 3, to the dichloroketene reac- 
tion using zinc/copper couple to generate the ketene. In both cases, a good 
yield (SO-60%) of the expected phenyl selenenyl y-butyrolactones 4 and 5 was 
realized. This success was soon dampened when cyclohexenyl phenyl selenoxide 
was treated with zinc and trichloroacetyl chloride. In this case, only reduc- 
tion of the selenoxide to the selenide was observed. In fact, attempts to 
employ the zinc method of ketene generation on any B-substituted vinyl selen- 
oxide only resulted in reduction. Apparently, the more substituted vinyl 
selenoxides reacted more slowly with the ketene than the zinc/copper couple. 
For the above reasons, we examined the reactivity of vinyl selenoxides 
with chlorocyanoketene, 
4 
which is conveniently generated by thermolysis of 4- 
azido-3-chloro-5-methoxy-2(5H)-furanone 6. The aforementioned heterocycle is 
easily prepared in two steps and readily cleaves to chlorocyanoketene and 
methyl formate in refluxing benzene or toluene. We prepared a series of 
acyclic and cyclic vinyl phenyl selenoxides 
5 
(3, 7-10) and reacted them with 
1.2 eq. of furanone 6 in refluxing toluene over a period of 2 hours. Removal 
of the solvent and column chromatography (silica gel) of the reaction mixtures 
yielded the diastereomeric butyrolactones (11-15) in a ratio of x1.5 to 1. 
It was not possible to definitively assign6 the structures of the diastereo- 
mers by 'H-NMR. In some cases (11 and 131, the chlorocyanolactones were un- 
stable to chromatography, and thechlorinewas removed immediately by aluminum 
amalgam reduction. 
7 The results of the lactonization reactions are summarized 
in Table I. 
Cur experience with the reactions of vinyl selenoxides contributes to the 
generalization of the 3,3-sigmatropic rearrangement depicted in Scheme I. In 
addition, the use of chlorocyanoketene reveals that zinc chloride or a zinc 
enolate is not a requirement for the success of the rearrangement. 
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Selenoxides were prepared as in reference 3. The selenides 7-10 were 
prepared from the appropriate ketones y& their selenoketals. The 
selenoketals were treated with 1.2 eq. of methyl iodide in DMF from R.T. 
to 85°C. After extraction of the reaction mixture with water, the vinyl 
selenides were isolated by column chromatography on silica gel. 
Diastereomeric ratios were determined from integration of signals of key 
protons in lactone rings. Chemical shifts for specific protons in lactone 
products are: 11, CH3, 1.89 and 2.09 (1.2:1); 12 Hy, 5.79 and 5.77 
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